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DIAGNOSTI C AND THERAPEUTIC METHODS RELATED TO 
REGULATING ENERGY MOBILIZATION WITH 
OBP ROTEIN ANDQB ANTIB ODIES 



5 Reference to Related Application 

This application claims the benefit of U.S. Provisional Application 
S.N. 60/018,972, filed June 4, 1996, which is incorporated by reference, as are- 
all references cited herein. ^ 
Governmental Rights 
10 This invention was made with governmental support from the 

United States Government, National Institutes of Health, Grant DK20043; the 
United States Government has certain rights in the invention. 
Background of the Invention 

The obese gene in human, rat and mouse encodes a protein 
15 hormone having an open reading frame 167 amino acid residues in length, called 
leptin, also known as OB protein or the ob gene product. Removal of the signal 
sequence yields a mature secreted 16 kilodalton protein that is 146 amino acid 
residues in length, 

OB protein is produced primarily by adipocytes of white adipose 
20 tissue (WAT). OB protein is secreted directly into the extracellular space and 

travels through the blood stream. OB protein affects the cells of its target organs 
by binding to the OB receptor protein, OB-R, that is found on the extracellular 
surface of the plasma membrane of target cells. Binding of OB protein to OB-R 
activates the intracellular second messenger cascade of the JAK-STAT system, 
25 which is characteristic of activation of cytokine type I receptors. 

OB protein is produced in adipocytes in proportion to the mass of 
stored fat, thereby providing a hormone signal for a lipostatic feedback circuit, 
which is mediated by the OB receptor. While OB proteins of different species 
show a close similarity in their sequences, the sequences of OB proteins are not 
30 closely similar to other types of proteins. For example, the human ob gene 
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sequence and its mouse homologue (85 % sequence identity) have been reported to 
have no sequence similarity to other proteins of known structure (DiFrancesco, 
V., et al., Protein Topology Recognition from Secondary Structure Sequences: 
Application of the Hidden Markov Models to Alpha Class Proteins, J. Mol. Biol. 
267: 446-463 (1997) at page 457). 

Although OB protein is composed of a single peptide chain, an 
intrachain disulfide bond between cysteine 96 and cysteine 146 is required both to 
stabilize the conformation of the molecule and to confer in vivo biological activity 
(Rock, F.L., et al., The Leptin Haemopoietic Cytokine Fold is Stabilized by an 
Intrachain Disulfide Bond, Horm. Metab. Res. 28: 649-652 (1996)). It is 
believed that the special geometry of the A and D major helices must be 
maintained in order to dock to a conserved receptor trough in the receptor 
molecule, a requirement that produces structural similarity between OB proteins 
and cytokines in the face of negligible sequence conservation (Id. at 651.). 

One accepted and successful animal model of human obesity is the 
genetically obese mouse bearing the recessive obese mutation (ob/ob). The 
mouse model reproduces not only the human obesity condition, but also develops 
non-insulin dependent diabetes mellitus (NIDDM, also known as type II diabetes 
mellitus). Homologous obese genes have been described in mouse, rat and 
human. 

The mouse is also a widely accepted and successful model of 
sepsis, septic shock and systemic inflammatory response syndrome (SIRS), a term 
which describes the clinical syndrome of sepsis without regard to its cause. 
Simple models, involving a large bolus dose of lipopolysaccharide (LPS) 
administered to mice and using mortality as the primary outcome variable, are 
well suited for preliminary pharmacological studies of new drugs or other 
therapeutic agents (Fink, M.P. & Heard, S.O., Laboratory Models of Sepsis and 
Septic Shock, J. Surg. Res. 49: 186-196, 1990, at 188-189). 

Both the ob gene (Zhang, Y., et a;., Positional cloning of the 
mouse obese gene and its human homologue, Nature 372: 425-432 (1994); 
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accession No. U18812, SEQ ID NO. 1) and its receptor (Tartaglia, L.A., et al., 
Identification and expression cloning of a Leptin Receptor, Cell 83: 1263-1271 
(1995); Chen, H., et al., Evidence that the Diabetes Gene Encodes the Leptin 
Receptor: Identification of a Mutation in the Leptin Receptor Gene in db/db Mice 
Cell 84: 491-495 (1996); accession No. U46135, SEQ ID NO. 2) have been 
cloned. Shorter versions of the OB receptor, termed the OB-Ra, OB-Rc and 
OB-Re forms, are produced by alternative splicing of the OB-R mRNA (Lee, G.-. 
H., et al. Nature 379: 632-635 (1996)). The full length OB receptor is called the 
OB-Rb form. 

Neural activity in specific regions of the central nervous system 
(CNS), such as the hypothalamus, controls processes related to food intake and 
energy expenditure. The cloning of the OB protein gene and the OB receptor 
gene and the localization of OB receptor expression in the hypothalamus has 
provided supporting evidence for this view as well as suggesting possible 
mechanisms for relating food intake to stored fat reserves. The OB protein is 
produced by adipocytes in proportion to the mass of stored fat and, hence, it acts 
as the signal to a lipostat control circuit. This lipostat signal is transduced at the 
target cells by the OB receptor, OB-R, in the CNS, resulting changes in neural 
activity that regulate both food intake and metabolic rate. 

Metabolic derangement is an important characteristic of the host 
response to critical illness called the acute phase response that characterizes 
conditions such as sepsis and septic shock (Kushner, I. Ann. N.Y. Acad. SdL 
389: 39-48 (1982)). Hypothermia is a metabolic response that may be pertinent 
clinical prognostic factor in systemic inflammatory response syndrome in humans 
(Brivet, F., et al. Crit. Care Med. 22: 533-534 (1994)). 

There is a need for at least one disease marker for systemic 
inflammatory response syndrome (SIRS) and related conditions. Hereinafter, the 
term SIRS is used to denote sepsis, septic shock, sepsis syndrome, and related 
conditions. Disease markers have numerous functions. In this case, a marker for 
SIRS would be useful for predicting the development of SIRS, identifying patients 
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with SIRS, predicting outcome, aiding timing and targeting of therapeutic 
interventions, and determining the pathogenesis of SIRS in patients (Parsons, P.E. 
& Moss, M. Early Detection and Markers of Sepsis, Clinics in Chest Medicine 
17:199-212 (1996)). 
5 Summary of the Invention 

Embodiments of the present invention include compositions and 
methods for treating a patient having a condition in which regulating energy 
metabolism during a systemic inflammatory response is desired, comprising 
administering a composition having a physiologically effective amount of at least 

10 one OB-R agonist ligand. Suitable OB-R agonist ligands include recombinant OB 
protein, peptide conformational analogs of human OB protein comprising 
conservative substitutions of amino acid residues and OB-related peptides. A 
preferred OB-R agonist ligand is recombinant human OB protein. 

In another therapeutic embodiment, the beneficial aspects of OB-R 

15 agonist ligand administration are facilitated by a coordinated increase in the 

number of OB receptors (OB-R) produced by the administration of agents that 
OB-R expression inducers. Suitable OB-R expression inducers include 
lipopoly saccharide (LPS) and cytokines. Preferred cytokines are interleukin-la: 
(IL-la), interleukin-1/3 (IL-1/3), tumor necrosis factor-ar (TNF-a) and interleukin 

20 6 (IL-6). Particularly preferred cytokines are IL-6 and IL-1/3. 

In a further therapeutic embodiment, antibodies to OB protein are 
used as agents capable of blocking the effects of OB receptor activation, 
especially fat mobilization and increased energy utilization. Suitable antibodies to 
OB proteins may be polyclonal or monoclonal. Suitable antibodies comprise 

25 immunoglobulin molecules and immunologically active portions of 

immunoglobulin molecules, i.e., molecules that contain an antibody combining 
site or paratope. Exemplary antibody molecules are intact immunoglobulin 
molecules, substantially intact immunoglobulin molecules and those portions of an 
immunoglobulin molecule that contain the paratope, including those portions 

30 known in the art as Fab, Fab* and F(ab*) 2 . This embodiment is suitable for 
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treating metabolic derangement due to conditions such as anorexia, amenorrhea, 
cachexia and the like. 

Antibodies to OB protein are also useful as an assay kit and 
method for detecting the level of OB protein in a patient. The level of OB 
protein in a patient is a disease marker that is useful for predicting the 
development of a condition, identifying patients with the condition, predicting 
outcome of the condition, aiding timing and targeting of therapeutic interventions, 
and determining the pathogenesis of the condition in patients. Conditions in 
which the level of OB protein is a useful marker are SIRS and related conditions 
such as sepsis and septic shock, as well as anorexia, amenorrhea, cachexia and 
the like. 

Brief Summary of the Drawings ' 
In the drawings: 

Figure 1 is a representation of an autoradiogram showing the 
results of a ribonuclease (RNase) protection assay showing expression of total OB 
receptor (OB-R< t) ) in lung, kidney and liver at 0, 4, 8 or 24 hours, or 2 (D 2 ), 3 
(D 3 ) or 5 (D 5 ) days after intravenous injection of 5 /xg per gram of body weight 
as well as a dose-response study showing the relative effects on the liver the of 
injection of 0.05, 0.5 or 5 fig of LPS per gram of body weight; 

Figure 2 is a representation of an autoradiogram showing of the 
results of a RNase protection assay showing expression of OB-Rb in normal liver 
(lane 1), and the LPS-treated liver at 24 hours (lane 2), and in the hypothalamus 
of normal control (lane 3) and ob/ob mice (lane 4), compared to OB-R (m) ) which 
represents the mixture of OB-R forms partially protected by the designated 
nucleotide probes; 

Figure 3 is a representation of an autoradiogram showing the 
results of a RNase protection assay showing expression of OB-Rc in normal liver 
(lane 1), and the LPS-treated liver at 24 hours (lane 2), and in the hypothalamus 
of normal control (lane 3) and ob/ob mice (lane 4), compared to OB-R^) which 
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represents the mixture of OB-R forms partially protected by the designated 
nucleotide probes; 

Figure 4 is a representation of an autoradiogram showing the 
results of a RNase protection assay showing expression of OB-Re in normal liver 
(lane 1), and the LPS-treated liver at 24 hours (lane 2), and in the hypothalamus 
of normal control (lane 3) and ob/ob mice (lane 4), compared to OB-R^) which 
represents the mixture of OB-R forms partially protected by the designated 
nucleotide probes; 

Figure 5 is a representation of an autoradiogram showing the 
results of a RNase protection assay showing OB-R expression in mouse liver 24 
hours after IL-6 (2.5 fig per mouse), TNF-a (10 fig per mouse) and IL-ljS (5 fig 
per mouse) injection; 

Figure 6 is a representation of an autoradiogram showing the 
results of a RNase protection assay showing OB-R mRNA levels in brain cortex, 
hypothalamus, and brain stem at various times after LPS injection (5 fig per gram 
of body weight); 

Figure 7 is a representation of an autoradiogram showing the 
results of a RNase protection assay showing OB mRNA expression in the adrenal 
gland (Adr) and white adipose tissue (WAT) at various times after LPS injection 
(5 fig per gram of body weight); 

Figure 8 is a graphical representation of the construction scheme 
for the vector pETMl from a commercially available vector; 

Figure 9 is a graphical representation of the weight gain induced by 
anti-OB antiserum injection in C57BL/6 mice which were given daily injections 
of anti-OB antiserum (antiOB) or preimmune rabbit sera (control), and whose 
body weight was measured 12 hours later, where data are expressed as mean ± 
standard error of the mean (S.E.M), N = 8; 

Figure 10 is a graphical representation of the time course of the 
survival of mice that had received a LPS injection (6 fig per gram of body 
weight) after pretreatment with either anti-OB protein antiserum (anti-OB, 
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N = 16), preimmune rabbit serum (control, N = 16), or one of three other 
unrelated rabbit antisera (anti-X, N=9: 3 treated with each antiserum); 

Figure 1 1 is a graphical representation of the time course of the 
survival of mice that were treated with OB protein (mOB, N = 16) or vehicle 

5 (control, N-16) after a LPS injection (10 /xg per gram of body weight); 

Figure 12 is a graphical representation of the time course of the 
change in body temperature of mice that had received a LPS injection (6 /xg per - 
gram of body weight) after pretreatment with either anti-OB protein antiserum 
(anti-OB, N = 16, except at * where N< 16 due to mortality) or preimmune rabbit 

10 serum (control, N = 16), data expressed as mean ± S.E.M.; 

Figure 13 is a graphical representation of the time course of the 
change in body temperature of mice that were treated with OB protein (mOB, 
N = 16) or vehicle (control, N-16, except at * where N< 16 due to mortality) 
after a LPS injection (10 /xg per gram of body weight), data expressed as mean ± 

15 S.E.M.; 

Figure 14 is a graphical representation of the time course of the 
change in body weight (percent of initial body weight) of mice that had received a 
LPS injection (6 /xg per gram of body weight) after pretreatment with either 
anti-OB protein antiserum (anti-OB, N=16) or preimmune rabbit serum (control, 
20 N = 16, except at * where N< 16 due to mortality), data expressed as mean ± 
S.E.M.; 

Figure 15 is a graphical representation of the time course of the 
change in body weight (percent of initial body weight) of mice that were treated 
with OB protein (mOB, N = 16) or vehicle (control, N-16, except at * where 
25 N < 16 due to mortality) after a LPS injection (10 /xg per gram of body weight), 
data expressed as mean ± S.E.M.; and 

Figure 16 is a representation of an autoradiogram showing the 
results of a RNase protection assay showing the expression of iNOS, IL-la, IL- 
1)3, and TNF-a mRNAs in mouse. 
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Detailed Description of the Preferred Embodiments 

It has been found that substances that initiate or mediate SIRS, for 
example, LPS and several cytokines, induce the increased expression of OB-R in 
liver and other peripheral tissues. Thus, occupancy and activation of OB-R by an 
agonist ligand such as recombinant OB protein, OB-related peptides or peptide 
conformational analog of human OB protein comprising conservative substitutions 
of amino acid residues serves as a protective homeostatic mechanism in systemic . 
inflammatory response syndrome conditions such as endotoxic shock, sepsis and 
septic shock. A preferred OB-R agonist ligand is recombinant OB protein. 
Suitable therapeutic human doses of recombinant OB protein are from about 1 
micrograms per kilogram body weight to about 50 microgram per kilogram body 
weight. One preferable therapeutic human dose is about 10 micrograms per 
kilogram body weight. 

While the regulation of energy homeostasis is essentially a function 
of the CNS, food intake and the majority of the energy expenditure take place in 
peripheral organs such as the liver. It has been found that the OB protein and the 
OB receptor have a functional involvement in peripheral energy homeostasis. In 
general, critical illness and trauma can dramatically alter metabolism, with the 
expression of the OB receptor changing in response to pathological stress. The 
expression of OB-R in liver and other peripheral organs, but not in the central 
nervous system, has now been shown to be induced by endotoxic shock produced 
intravenous injection of cytokines, such as, IL-lj3, TNF-tx and IL-6, as well as 
cytokine inducing agents such as LPS, into mice, an accepted animal model of 
SIRS and related conditions. OB protein, antibodies to OB protein, and OB-R 
expression inducers are useful for the diagnosis and treatment of conditions such 
as sepsis, systemic inflammatory response syndrome, cachexia and anorexia. 

The administration of recombinant mouse OB protein to mice 
following OB-R induction with a normally lethal dose of LPS conferred complete 
resistance to LPS, resulting in survival. The OB-treated mice maintained a 
higher body temperature and displayed dramatic weight loss in contrast to control 
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counterparts. In vivo administration of OB antisera, on the other hand, elicited 
the opposite effects by blocking OB-mediated processes, thereby stimulating 
post-prandial food intake leading to rapid weight gain. Co-administration of LPS 
with a second in vivo treatment with OB antisera, however, resulted in 100% 
mortality as compared to animals treated with control antisera. 

OB protein, in mediating host responses to LPS-induced 
endotoxemia, exerts its protective effect primarily by initiating energy 
mobilization and heat production in critical conditions, the effect of which is 
proportional to the level of OB protein in the blood. By altering the levels of OB 
protein, the amount of energy mobilized to resist challenges induced by 
inflammatory agents is correspondingly altered, thereby effecting the ultimate 
inflammatory response. 

Therefore, in view of the newly discovered physiological properties 
of OB protein and OB antibodies in regulating energy mobilization and 
consumption, the present invention describes both diagnostic and therapeutic 
methods relating to the use of recombinant human OB protein and antibodies 
thereto in modulating the effects of OB-R activation in vivo . 
Diagnostic Applications 

OB antibodies are useful for detecting the amount of OB present in 
sample taken from a patient. One preferred diagnostic embodiment is the use of 
OB antibodies for detecting the amount of OB present in a blood sample taken 
from a patient exhibiting a SIRS condition such as sepsis, septic shock, and the 
like. Such measurements of OB levels in vitro in blood sample by antibody 
detection is also indicated in various wasting conditions or syndromes associated 
with several disease states or syndromes, including anorexia, amenorrhea, 
cachexia, chronic inflammatory conditions, AIDS and AIDS-related conditions, as 
well as sepsis, septic shock, SIRS and the like. Alternatively, the determination 
of OB levels is useful in systemic inflammatory response syndromes (SIRS) that 
are characterized by an acute increase in inflammatory mediators, such as IL-10, 
11-6, TNF, LPS and the like. Such conditions are noted in preoperative patients 
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subject to fasting, in patients with acute injuries such as burns or trauma, in 
patients with SIRS, or with ongoing bacterial infections or those receiving TNF-a 
for treatment of tumors and in persons suffering from hypothermia. 

While there is little sequence similarity between OB proteins and 
other molecules, the three-dimensional conformation of the OB protein molecule 
is analogous to that of several long-chain helical cytokines: four major alpha helix 
regions, A-D, connected by short loops and minor helical regions (Zhang, F., et - 
al., Crystal Structure of the obese protein leptin-ElOO, Nature 387: 206-209 
(1997)). 

As used herein, a conformational analog of OB protein is a 
molecule having substantially the same conformational characteristics of its three- 
dimensional structure that are required for activation of the OB receptor. 
Examples of such conformational characteristics include the conformation of the 
A major helix, the conformation of the D major helix, and the disulfide bond that 
maintains the geometrical relationship between the A and D major helices. Thus, 
amino acid substitutions that conserve the conformational characteristics of the 
molecule, for example, in the loop regions connecting the major helices, would 
produce conformational analogs to OB protein. 

Peptides derived from the region of the OB protein from amino 
acid residues 106 to 140, as short as about 15 amino acids long, have been shown 
to be effective in mimicking the action of full-length recombinant OB protein 
(Grasso, P., et al., In vivo Effects of Leptin-Related Synthetic Peptides on Body 
Weight and Food Intake in Female ob/ob Mice: Localization of Leptin Activity to 
Domains Between Amino Acid Residues 106 - 140, Endocrinology 138: 1413- 
1418 (1997)). As used herein, "OB-related peptides" refers to natural or 
synthetic peptides derived from the region of the OB protein from about amino 
acid residue 106 to about amino acid residue 140 and includes conservative amino 
acid residue substitutions. 

The term "antibody" in its various grammatical forms is used 
herein to refer to immunoglobulin molecules and immunologically active portions 
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of immunoglobulin molecules, i.e., molecules that contain an antibody combining 
site or paratope. Exemplary antibody molecules are intact immunoglobulin 
molecules, substantially intact immunoglobulin molecules and those portions of an 
immunoglobulin molecule that contain the paratope, including those portions 
known in the art as Fab, Fab' and F(ab') 2 . An antibody composition of the 
present invention is characterized as containing antibody molecules that 
immunoreact with OB protein or portions thereof. 

An antibody composition of the present invention is typically 
produced by immunizing a mammal with a inoculum of OB protein or some 
fragment of OB protein, alone or in combination with a suitable adjuvant such as 
Freund's adjuvant, and thereby induce in the mammal antibody molecules having 
the appropriate immunospecificity." The antibody molecules are then collected 
from the mammal and isolated to the extent desired by well known techniques 
such as, for example, immunoaffinity chromatography. The antibody 
composition so produced can be used, inter alia, in the diagnostic methods and 
systems of the present invention or in the preparation of therapeutic compositions 
of the present invention. 

Monoclonal antibody compositions can also be used with the 
present invention. A monoclonal antibody composition contains, within detectable 
limits, only one species of antibody combining site capable of effectively binding 
to OB protein. Thus, a monoclonal antibody composition of the present invention 
typically displays a single binding affinity for OB protein even though it may 
contain antibodies capable of binding proteins other than OB protein. Preferred 
monoclonal antibodies are those that bind to portions of the OB protein that are 
required for activation of the OB receptor, such as the A helix, the D helix, ,or 
regions of OB protein that maintain the relative positions of the A and D helices 
that are required for the activation of the OB receptor. Monoclonal antibodies 
against human OB protein have been described and their preparation was 
discussed in (Tsuruo, Y. et. al., Horm. Metab. Res. 28: 753-755 (1996). 
Monoclonal antibodies are also supplied commercially from vendors on a custom 
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order basis (e.g., Alpha Diagnostic International, Inc., San Antonio, TX). 
Purified polyclonal anti-OB antibodies are commercially available from several 
sources (R&D Systems, Minneapolis, MN; Research Diagnostics, Inc., Flanders, 
N.J.; Linco Research, Inc., St. Charles, MO; Affinity BioReagents, Inc., 
5 Golden, CO). 

Determination of OB levels with OB antibodies is performed by 
assay methods, including ELISA, radioimmunoassay (RIA), Western blot 
analysis, and the like, that are familiar to one of ordinary skill in the art. The 
determined OB protein levels are then compared to normal levels for the state of 

10 the patient, e.g., fasting, time of day, body mass index (BMI), aerobic 

conditioning, gender, etc. For example, the normal range found for lean males at 
8 a.m. was 12.0 ± 4.4 ng/ml (Sinha, M.K., et al., Nocturnal Rise of Leptin in 
Lean, Obese, and Non-Insulin-dependent Diabetes Mellitus Subjects, J. Clin. 
Invest. 97: 1344-1347 (1996)). See, also Horn, R. et al., Radioimmunoassay for 

15 the detection of leptin in human serum, Exp. Clin. Endocrinol. Diabetes 104: 
454-458 (1996); McGregor, G.P., et al., Radioimmunological Measurement of 
Leptin in Plasma of Obese and Diabetic Human Subjects, Endocrinology 137: 
1501-1504 (1996). It has recently been found that OB protein is present in the 
circulation in both bound and free form, and that the ratio of the two forms is 

20 different in lean and obese subjects (Sinha, M.K., et al., Evidence of Free and 
Bound Leptin in Human Circulation. Studies in Lean and Obese Subjects and 
During Short-Term Fasting, J. Clin. Invest. 98: 1277-1282 (1996)). The relation 
of free and bound forms to OB protein biological activity can be considered in the 
context of OB protein assays. 

25 In an alternative embodiment, immunohistochemical assay of OB-R 

receptor numbers are performed on tissue biopsy materials using standard 
protocols. A preferred tissue biopsy is liver biopsy. 
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Therapeutic Applications 

Embodiments of the present invention, including methods of 
administering to a patient compositions comprising OB-R agonist ligands are 
useful in treating conditions in which it is desirable to regulate or modify energy 
5 metabolism during a systemic inflammatory response. Suitable OB-R agonist 

ligands include recombinant OB protein, peptide conformational analogs of human 
OB protein comprising conservative substitutions of amino acid residues and OB- - 
related peptides. A preferred OB-R agonist ligand is recombinant human OB 
protein. A suitable dosage range for recombinant human OB protein is from 
10 about 1 microgram per kilogram body weight to about 50 micrograms per 

kilogram body weight. OB-related peptides are used in a dosage range from 
about 0.1 microgram per kilogram body weight to about 5 micrograms per 
kilogram body weight, adjusting the dosage to account for art-recognized 
differences in potency and solubility (Grasso, P. et al., (1997)). 
15 In a related embodiment, compositions comprising at least one OB- 

R expression inducer are useful for treating obesity and conditions in which there 
is an insufficient number of OB receptors, in which low copy number of OB 
receptors is a limiting factor or in which there is "OB resistance," i.e., a 
reduced effect of associated with a particular plasma concentration of OB protein. 
20 In general, the OB-R expression inducer is administered in an 

amount from about 0.003 to about 20 micrograms per kilogram body weight. 
Suitable OB-R expression inducers include therapeutic cytokines used in cancer 
therapy, such as IL-la, IL-ljS, IL-6 and TNF-a. Suitable dosages and modes of 
administration are known in the art. For example, a suitable dosage ranges for 
25 IL-la is about 0.1 to about 6 micrograms/m 2 /day. A suitable dosage range for 
IL-1/3 is about 3 to about 200 nanograms/kg/day. A suitable dosage range for 
IL-6 is about 0.5 to about 20 micrograms/kg/day, with a preferred dosage range 
for IL-6 being about 1 to about 5 micrograms/kg/day. The therapeutic cytokines 
may be administered singly or in combination. The mode of administration may 
30 be intravenous infusion over an extended time period or a single intravenous or 
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subcutaneous injection. The daily dose may be administered as a single dose or 
divided into multiple dose given at intervals during the day. 

In a further embodiment, to counteract the possible toxic side 
effects of OB-R expression inducers such as therapeutic cytokines, such 
5 substances are administered in a composition in combination with OB-R agonist 
ligands. Administration of such compositions is useful for conditions in with 
cytokines are normally administered for a therapeutic purpose such as tumor 
treatment, in order to provide effective protection by the OB-R agonist ligands 
from undesirable metabolic side effects. The up-regulation of the OB-R allows 
10 for the complete therapeutic effect mediated by OB-R agonist ligands such as OB 
protein. A suitable dosage range for recombinant human OB protein is from 
about 1 microgram per kilogram body weight to about 50 micrograms per 
kilogram body weight. 

In an alternative embodiment, the present invention describes the 
15 administration of OB antisera, polyclonal or monoclonal, for treating conditions 
marked by increased OB and/or increased OB-R activity. Such conditions are 
various wasting conditions or syndromes associated with several disease states or 
syndromes, including anorexia, amenorrhea, cachexia, chronic inflammatory 
conditions, AIDS and AIDS-related conditions. A suitable dosage range for anti- 
20 OB protein antibodies is about 0.02 to about 15 milligrams / kg / day. 

It has been found that OB protein is an important host defense 
factor against endotoxin stress. The protective effect of OB protein against 
endotoxin was not caused by suppressing the expression of major inflammatory 
mediators, since the mRNA levels of IL-la, IL-1/3, TNF-a, and iNOS in lung 
25 and spleen were similar in all LPS-treated mice regardless of the experimental 
manipulations (Figure 16). A comparison of the four groups of mice revealed 
striking correlations among the OB protein available , the survival from endotoxin 
shock (Figures 10 and 11), the maintenance of body temperature (Figures 12 and 
13), and the loss of body weight (Figures 14 and 15). 
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Anti-OB Ab-treated mice showed the least loss of body weight and 
had the most profound hypothermia even with a relatively low dose of LPS. 
Conversely, OB-treated mice receiving a high dose of LPS maintained a higher 
body temperature than those control mice that received less LPS. The OB-treated 
5 mice also had a greater weight loss than any reported in the literature (16% in the 
first 24 hours, compared with an average of 10% reported by other groups). The 
mice in these tests were age, sex and weight matched, fed the same diet, and, 
therefore, should have had very similar energy store. The different responses to 
endotoxemia described were likely due to differences in metabolic energy 
10 mobilization and dissipation, which, in turn, were attributed to the experimental 
manipulation of circulating OB protein levels. 

When the level of circulating OB protein is varied, the energy 
mobilized to resist endotoxin challenge is correspondingly altered, and the 
outcome of the host response to endotoxin stress is affected, ob/ob mice, lacking 
15 OB protein due to a mutation in the ob gene, were very sensitive to LPS insult: a 
dose as low as 2 fig per gram of body weight caused a rapid fall of body 
temperature and death. 

The results also suggest the existence of two pathways of 
thermogenesis and thermostasis. Anti-OB Ab treatment per se did not cause 
20 hypothermia in normal mice, suggesting that the thermostasis under 

non-pathological conditions was largely OB protein-independent. However, when 
given LPS, the anti-OB Ab-treated mice developed profound hypothermia, 
indicating that the thermogenesis in response to endotoxemia had become OB 
protein dependent. A corollary of this model is that genetic defects affecting the 
25 OB/OB-R pathway will have a severe hypothermic response to endotoxin. 

Indeed, db/db mice which carry a mutation in the OB-R gene, responded to a low 
dose of LPS injection in a manner very similar to that seen in ob/ob mice (data 
not shown), despite their increased level of OB expression. 
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Example 1 : Induction of OB-R Expression bv Administration of LPS 

The injection of LPS and cytokines, substances that are associated 
with sepsis, septic shock or SIRS caused increases in the expression of the OB 
receptor in peripheral organs such as liver, but not in brain. 

5 Intravenous injection of lipopoly saccharide (LPS), IL-ljS, TNF-or 

and IL-6 to mice induced OB receptor expression in the liver and other peripheral 
organs, but not in the central nervous system (CNS). To investigate the 
functional significance of the increased OB-R expression, an anti-OB antiserum 
was used to neutralize endogenous OB protein in mice prior to an LPS injection. 

10 The neutralization of OB protein led to profound hypothermia, insignificant loss 
of body weight, and death in mice in response to an otherwise nonlethal dose of 
LPS. Conversely, mice administered recombinant mouse OB protein became 
more resistant to LPS and survived an otherwise lethal dose. The OB 
protein-treated mice maintained a relatively high body temperature and displayed 

15 a dramatic weight loss. These results suggest that OB protein may promote 
energy mobilization to compensate for the increased energy consumption in 
endotoxemia, and that the OB/OB-R pathway may play an important role in 
critical host responses to inflammatory stress. 
Methods: 

20 In general, standard techniques or published modifications were 

used; see, generally, Sambrook, J., et al., Molecular C loning A Laboratory 
Manual. 2d Ed. , Cold Spring Harbor Laboratory Press (1989). C57BL/6 mice, 
5-8 weeks of age and 17-20 g of weight, were injected intravenously with either 
LPS (5 /xg per gram of body weight, List Biological Laboratory, Campbell, CA), 

25 IL-1/3 (R&D Systems, Minneapolis, MN), IL-6 (2.5 fig, Pharmingen, San Diego, 
CA), or TNF-o: (a gift from Genentech, San Francisco, CA). Animals were 
sacrificed at 0, 4, 8 or 24 hours, or 2, 3 or 5 days after the injection. 

Tissue from various organs, including brain, liver and kidney, was 
dissected and snap-frozen in liquid nitrogen. Total RNA was prepared from the 

30 frozen tissues by a single-step method (Chomczynski, P. & Sacchi, N., Single- 
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Step Method of RNA Isolation by Acid Guanidinium Thiocyanate-Phenol- 
Chloroform Extraction, Analytical Biochemistry 162: 156-159 (1987). 

The RNase protection assays were carried out as previously 
described (Feng, L., et al., Alternative Splicing of the NCI Domain of the 
5 Human a3(IV) Collagen Gene J. Biol. Chem. 269: 2342-2348 (1994); Xia, Y., et 
al., LPS-Induced MCP-1, IL-1/3, and TNF-a mRNA Expression in Isolated 
Erythrocyte-Perfused Rat Kidney, Am. J. Physiol. 264: F774-F780 (1993)). A.. 
ten microgram aliquot of total RNA pooled from three similarly treated mice was 
used for each sample in the RNase protection assay. The stored pooled samples 
10 were dissolved in 10 p\ of 80% formamide, 0.4 M NaCl, 1 mM EDTA, and 40 
mM piperazine-N,N'-bis(2-ethanesulfonic acid), heated to 85 degrees Celsius for 
5 minutes. Each ten microgram sample was then hybridized with about 1 x 10 5 
cpm (counts per minute) of the appropriate [ 32 P]UTP-labeled antisense riboprobe 
at 55 degrees Celsius for at least 10 hours. The unhybridized RNA was then 
15 digested with 50 unit/ml RNase Tl (GIBCO/BRL, Gaithersburg, MD) and 24 
/xg/ml RNase A at 30 degrees Celsius for one hour. The RNase was then 
digested with 625 /xg/ml proteinase K (Boehringer Mannheim, Indianapolis, IN) 
for 30 minutes at 37 degrees Celsius. After phenol-chloroform extraction and 
sodium-acetate-ethanol precipitation, the protected hybridized RNA was denatured 
20 and electrophoresed on a 10% poly aery lamide gel. The gels were transferred to 
3M Whatman filter paper, dried and exposed to Kodak X-Omat film. The 
resulting autoradiograms were developed in a Kodak X-Omat processor were used 
only for qualitative screening. 

Radioactivity due to hybridization of target sequences with 32 P- 
25 labeled riboprobes was quantified by scanning the gels on an AMBIS 
radioanalytic scanning system (AMBIS Systems, San Diego, CA). 

An OB-Rb cDNA probe (from base 2548 to base 2835 of OB-Rb, 
Gen-Bank™ Accession No. U46135) was subcloned from a full-length mouse 
OB-Rb cDNA. The full-length mouse cDNA for the OB-R long form (OB-Rb) 
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was cloned from a mouse hypothalamus cDNA library (Stratagene, La Jolla, 
CA), and the sequence was verified against that of U46135. 

The full-length mouse cDNA for the OB-R short form (OB-Ra) 
was cloned from a mouse lung cDNA Library (Stratagene, La Jolla, CA). A 224 
5 bp probe that included base 1250 to base 1474 (as indicated on the OB-Rb 

sequence) of OB-Ra was used for the RNase protection assay. This fragment, 
which comprises a sequence that is shared by all variants of OB-R, was used as a 
probe for the total level of OB-R (OBR (t) ). 

The expression of other forms of OB-R mRNA was analyzed using 
10 selective probes for the respective different forms of OB-R. The designated 
probes provided full protection to their corresponding OB-R forms and partial 
= 0 protection for other OB-R forms. * A probe derived from L32 (33-126, 

i~ Gen-Bank™ Accession No. X06483), a housekeeping gene encoding ribosomal 

;P protein, was used as a control. 

m 15 OB-Rc and OB-Re probes were cloned by 

^ reverse-transcription-PCR (RT-PCR) of total liver RNA from LPS-treated 

□ C57BL/6 mice. Protocols for RT-PCR are known in the art (for example, pages 

III 15-13 - 15-15 of Ausubel, F.M., et al., Short Protocols in Molecular Biology. 

;^ 2nd Edition . John Wiley and Sons, New York, (1992)). 

'5 20 One suitable protocol for RT-PCR is a modification of that 

previously described (Feng, L., et al., J. Biol. Chem. 269: 2342-2348, 1994). 

The primers used in RT-PCR are listed in Table 1, below. Primer 

oligonucleotides were synthesized using an ABI model 380B synthesizer (Applied 

BioSy stems, Foster City, Ca). 
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Table 1: PCR Primers 



Sequence 



OB-Rc 



5'-GCTATCGACAAGCAGCAGAAT-3' 



(SEQ ID NO. 8) 



sense 



5 



OB-Rc 
antisense 



5'-TGAACACAACAACATAAAGCCC-3' 



(SEQ ID NO. 9) 



OB-Re 



5 , -TGTTATATCTGGTTATTATTGAATGG-3 , 



(SEQ ID NO. 10) 



sense 



OB-Re 
antisense 



5'-CATTAAATGATTTATTATCAGAATTGC-3' 



(SEQ ID NO. 11) 



10 



First strand cDNA synthesis was performed using total liver RNA 



from LPS-treated C57BL/6 mice and murine leukemia virus reverse transcriptase 
with a random hexanucleotide primer. The 100 /xl reaction mixture contained 

15 standard enzyme buffer, 5 fxg of total RNA, 20 units of RNasin (RNase 

inhibitor), 500 pmol of hexanucleotide primer, 10 mM dithiothreitol, 1 mM of 
each dNTP, with 200 units of reverse transcriptase. Each reaction mixture was 
heated to 95 degrees Celsius for 10 minutes. PCR was then performed with 
separate aliquots of the reaction mixture with the appropriate primers for 35 

20 cycles, using 60 degrees Celsius for annealing. 



the appropriate restriction endonucleases and subcloned into the multiple cloning 
site of a standard transcription vector. Suitable transcription vectors include a 
vector chosen from the pGEM series (Promega, Madison, WI). Labelled single 

25 stranded riboprobes were synthesized using standard in vitro transcription 

protocols, either those provided by the manufacturer or other standard protocols 
(e.g. Ausubel, F.M., et al., pages 4-18-4-21) with the appropriate (e.g., SP6 or 
T7) bacteriophage RNA polymerase. The riboprobes contained regions 
corresponding to the vector polylinker in addition to the region corresponding to 

30 the target sequence, and thus Were longer than the protected bands. The mouse 
ribosomal L32 gene, a constitutively expressed "housekeeping" gene, was used 
throughout the study as a control. 



The cDNA segments used to generate riboprobes were excised by 
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Results: 

When LPS was administered to C57BL/6 mice, a strong induction 
of total OB-R expression (OB-R (t) ) was detected in a number of peripheral organs 
(Figure 1), but not in several areas of the central nervous system, such as the 
5 hypothalamus, that are known to express OB-R (compare Figure 1 and Figure 6). 
The increased expression of OB-R was most prominent in the liver, the major site 
of metabolic regulation. The increase of OB-R mRNA expression in the liver 
was LPS dose-dependent, and peaked between 24 and 48 hours post-LPS injection 
(Figure 1). 

10 Unexpectedly, RNase protection assays using probes specific for 

alternatively spliced forms of OB-R mRNA revealed that the long form, OB-Rb, 
was also induced in the liver to a level comparable to that found in the ob/ob 
mouse hypothalamus and greater than that of the lean control mouse 
hypothalamus (Figure 2). However, the majority of hepatic OB-R were the 

15 OB-Ra, OB-Rc (Figure 3) and OB-Re (Figure 4) forms. OB-Rd expression in the 
liver was undetectable (data not shown). 

In addition to LPS, OB-R expression was induced by the cytokines 
IL-6, IL-la and TNF-a (Figure 5). Contrary to a recent report (12), we found 
no detectable increase in OB expression in white adipose tissue in LPS-treated 

20 mice, but detected a distinct induction of OB mRNA expression in the adrenal 

gland (Figure 4). No OB mRNA expression was found in the brain, heart, lung, 
liver, kidney, spleen, muscle, stomach, duodenum, jejunum, ileum, or colon of 
LPS-treated mice (data not shown). 
Example 2: Production of Recombinant OB Protein 

25 Recombinant OB protein was expressed in E. coli using a 

prokaryotic expression vector and extracted from inclusion bodies. Other vectors 
and host cells systems, including eukaryotic cells, are known in the art and also 
suitable for the expression of OB protein. See, generally, Ausubel, F.M., et al. 
Short Protocols in Molecular Biology. 2nd Ed. , pages 16-1 to 16-89. 
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The coding region of mouse OB cDNA (65-619, Gen-Bank™ 
Accession No.U18812) was cloned by RT-PCR of total RNA from C57BL/6 
white adipose tissue. The coding region was subcloned in expression vector, 
pETMl (Feng, L., et aL, J. Biol. Chem. 269: 2342-2348, 1994), to express a 
5 His-tagged recombinant mouse OB protein. The construction of pETMl from the 
commercially available vector pET-lla (Novagen, Madison, WI) is illustrated on 
Figure 8. 

After the expression of OB protein is induced, the bacteria were 
harvested and the inclusion bodies were extracted with a buffer containing 6M 
10 urea. The extract was loaded on a Ni-NTA affinity column (Qiagen, Chatsworth, 
CA) and the purification procedure was carried out as previously described 
(Feng, et al.(1994)). The protein- was refolded on the column by adding 
refolding buffer containing 5 raM CaCl 2 /20 mM Tris/0.2 NaCl with an urea 
gradient of 4 M - 0.5 M at a rate of about 0.5 ml/minute. After refolding, the 
15 protein was eluted with 80 mM imidazole/5 mM CaCl 2 /20 mM Tris/0.2 NaCl/ 
0.5 mM urea and then dialyzed against phosphate-buffered saline (PBS). 
Polyclonal antibodies was raised by immunizing a rabbit with the recombinant 
mouse OB and Freund's adjuvant using standard procedures. Antiserum was used 
in the following examples. 
20 Example 3: Effects of Anti-OB Antibodies on Metabolism 

Intravenous administration of antibodies directed against OB 
protein effectively opposes the effects of endogenous OB protein. 

Recombinant mouse OB protein was produced in an E. coli 
expression system as described in Example 2, and was used to generate rabbit 
25 polyclonal anti-OB antibody. The antibody, when injected intravenously into 

mice, stimulated food intake, leading to rapid weight gain, and thus was effective 
in blocking OB protein function. The results are shown in Figure 9. 

Female C57BL/6 mice, 6-8 weeks of age and 15-17 g of weight, 
were group housed four per cage and adapted to a 12:12 hour light: dark cycle 
30 (light from 6:00 to 18:00). Mice were given a daily intravenous injection of 0.2 
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ml anti-OB antiserum or preimmune rabbit sera ("vehicle") at 10 p.m., after their 
initial dark phase food intake. Their body weight was measured at 10 a.m. the 
next day. 

The weight gain induced by anti-OB antiserum is illustrated in 
5 Figure 9. Data are expressed as mean + S.E.M. (N=8). While the weight of 
the control group remained essentially constant over the week, the anti-OB treated 
group showed a weight increase at the first weighing, which continued for the 
entire study period. 

Example 4: Effects of Anti-OB Antibodies and Recombinant OB-Protein 
10 on Response to Endotoxic Shock 

The fact that the OB-R variants induced in the liver were 
predominantly short forms raised the question of functional relevance of the 
hepatic OB-R expression. OB-Rb is the main form expressed in the 
hypothalamus, while the choroid plexus expresses only OB-Ra. That the 
15 mutation in db/db mice affects OB-Rb, but not OB-Ra, suggests that OB-Rb is 
crucial for regulating food intake and OB-Ra may act as an OB protein 
transporter. Accordingly, the prominent expression of OB-R in the liver could 
initiate intracellular signal transduction or, alternatively, mediate the clearance of 
OB protein. We found that administration of neutralizing anti-OB antibody (Ab) 
20 or OB protein to LPS-treated mice distinguished between the two alternatives. 

Male C57BL/6 mice, 5-8 weeks of age and 17-21 g of body 
weight, were used for this study. For antisera treatment, mice were given an i.v. 
injection of 200 /xl rabbit antisera. LPS at a dose of 6 /-ig per gram of body 
weight was then co-injected with a second dose of anti-OB antibody to the 
25 pretreated mice. LPS was dissolved in antisera at a concentration of 0.6 mg/ml 
and was injected intravenously 4 hours after the initial antisera treatment. Food 
was retrieved from mouse cages during the 4-hour pretreatment period to prevent 
any food intake differences resulting from anti-OB antiserum-induced 
hyperphagia, and was added back after LPS injection. 
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While this dose of LPS was not lethal to C57BL/6 mice treated 
with preimmune rabbit serum, all the mice in the anti-OB Ab-treated group died 
within 40 hours. Figure 10 illustrates the results from three groups of mice: 
those pretreated with anti-OB antiserum (anti-OB, N = 16), preimmune rabbit sera 
5 control, N = 16), or three other unrelated rabbit antisera ("Anti-X", N=3 for each 
antiserum). This LPS sensitizing effect was specific for anti-OB Ab, since mice 
treated similarly with three other unrelated antibodies ("Anti-X") all survived 
(Figure 10). 

In comparison, mice treated with OB protein (5 /xg per gram of 

10 body weight mOB, N = 16) were able to survive a higher dose of LPS (10 fxg per 
gram of body weight) that was fatal to the control group of mice receiving the 
vehicle alone (control, N = 16). Mouse OB protein and LPS were prepared in 
saline at a concentration of 0.5 mg/ml and 1 mg/ml, respectively, and injected 
intravenously into the mice. A vehicle solution used for OB protein dialysis was 

15 injected into control mice. To eliminate any circadian effect, experiments at 

different days were all started at the same hours. Mice were examined at 4-hour 
intervals post LPS injection for the first 24 hours, and survival was monitored for 
7 days following the LPS injection. The results are shown in Figure 11. The 
dose of LPS killed all the mice in the control group within 24 hours. However, in 

20 the experimental group, OB protein treatment conferred mice complete resistance 
to this dose of endotoxin. The OB-treated mice displayed noticeably less severe 
symptoms of endotoxemia, remaining alert and responsive to touch and other 
manipulation, and recovering quickly. 

The effects of both OB protein and anti-OB antibodies on body 

25 temperature and body weight were monitored in the same groups of mice. Core 
body temperature measurements were made by insertion of a thermistor probe 
(Yellow Springs Instrument, Yellow Springs, Ohio) into the colon, 1.5 cm 
beyond the rectum. Body weight measurements were made on a portable digital 
balance (Ohaus, Florham Park, NJ). 
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The mice receiving anti-OB antibodies, which ultimately died, 
showed lower body temperature (Figure 12) and less weight loss (Figure 14) than 
the corresponding control group than survived. Conversely, the mice receiving 
OB-protein, and which survived the endotoxic shock, showed higher body 
5 temperature (Figure 13) and more weight loss (Figure 15) than the corresponding 
control group which succumbed. 

While administration of both OB protein and anti-OB antibodies 
had significant effects on survival, body weight and body temperature, there was 
little effect on the expression of iNOS, IL-la, IL-1/3, and TNF-c* mRNAs in lung 

10 and spleen (Figure 16). Mice were treated as described in above (Figures 10-15). 

RNase protection assays were performed as described in Example 
1 . Each sample was 5 y.g total RNA was used for each sample in the RNase 
protection assay, Riboprobes were produced as described in Example 1 based on 
the following cDNA fragments: IL-la (from base 172 to base 366, Accession No. 

15 X01450, SEQ ID NO. 3), IL-ljS (from base 500 to base 671, Accession No. 
M15131, SEQ ID NO. 4), TNF-a (from base 428 to base 557, Accession No. 
Ml 1731, SEQ ID NO. 5), mouse iNOS (from base 2404 to base 2698, 
Accession No. M92649, SEQ ID NO. 6), and L32 (from base 33 to base 126, 
Accession No. X064383, SEQ ID NO. 7). 

20 Relatively little change in the pattern of expression of these 

markers was observed (Figure 16), suggesting that these the protective actions of 
OB proteins are direct and not indirect and mediated by these cytokines. 



but not limiting. Numerous variations and modifications of the present invention 
25 may be effected without departing from the true spirit and scope of the invention. 



The foregoing is intended to be illustrative of the present invention, 



